INTRODUCTION
============

Traumatic cervical spine fracture and dislocation, one of the most common devastating injuries involving the axial skeleton may be accompanied by direct spinal cord or nerve root injury \[[@b5-jkns-2019-0139]\]. However, due to the risk of iatrogenic damage of the neurological function by over-distraction, global standards for the treatment strategy are not currently available. The surgeon\'s experience in surgical approaches such as closed reduction in awake patients, gentle manual reduction under general anesthesia or open reduction, anterior or posterior approach or both is the main decision factor. Moreover, it is well known that the reduction process itself could aggravate the spinal cord injury, especially in patients with herniated disc or broken disc displacement \[[@b7-jkns-2019-0139],[@b9-jkns-2019-0139],[@b15-jkns-2019-0139]\].

In the literature, it is suggested that the posterior approach is necessary in cases with unreducible dislocation, but it is accompanied by risks of excessive muscle dissection, postoperative pain, blood loss, and difficulties in maintaining safe vital signs in the prone position \[[@b12-jkns-2019-0139],[@b13-jkns-2019-0139]\]. On the contrary, the anterior approach with decompression and stabilization reduces the risk of catastrophic neurological sequelae and complications. Furthermore, the anterior approach provides the opportunity to treat only one motion segment by fusion and instrumentation compared with the common practice of fusing two motion segments in posterior approaches, if good realignment is achieved \[[@b1-jkns-2019-0139],[@b4-jkns-2019-0139]\].

In this study, we report the results of the retrospective analysis of patients with cervical fracture and dislocation that tried intraoperative reduction under general anesthesia followed by the anterior approach alone.

MATERIALS AND METHODS
=====================

This study was approved by the Institutional Review Bord of Chosun University Hospital, which waved the requirement for informed consent due to the respective nature of study. We studied cases of cervical fracture and dislocation in which we performed intraoperative reduction under general anesthesia followed by anterior reconstruction, during a 5-year period (from March 2013 to December 2017). The inclusion criteria comprised single-level unilateral or bilateral cervical facet fracture and dislocation without concomitant prominent vertebral fractures.

Patients with relevant accompanying traumatic brain injury, unstable vital sign by multiple severe trauma or alcohol intoxication were excluded from the study. All surgeries were performed by same surgeon, i.e., the corresponding author. Twenty-three patients, 15 men and 8 women aged 24--81 years (mean, 57) with traumatic fracture and dislocation of the cervical spine were included in the study. The most common cause of injury was motor vehicle accident (16 cases, 70%). Plain radiographs and cervical computed tomography including 3-dimensional reconstruction were performed in all patients, but preoperative magnetic resonance imaging (MRI) was not routinely performed due to the risk of delayed reduction or aggravation of the neurological function. Imaging studies revealed fracture and dislocation of the cervical spine at C3--4 in three, C4--5 in three, C5--6 in nine, C6--7 in seven patients, and C7--T1 in one patient. All patients were operated within 8 hours after injury.

Monitoring of spinal cord evoked potential
------------------------------------------

Channel 32 spinal cord evoked potential monitoring instrument (NIM 3.0 ECILIPSE nerve monitoring system; Medtronic, New York, NY, USA) was used and monitored by neurologist. The combined monitoring strategy consists of cortical sensory evoked potential (CSEP) and transcranial electrical stimulation motor evoked potential (TES-MEP) recording. Continuous intraoperative CSEP monitoring was observed, but TES-MEP was recorded intermittently combined with CSEP.

Surgical technique
------------------

After sufficient explanation of the procedure related risks, gentle manual reduction or cranio-cervical traction was performed under general anesthesia in the operating room. Anesthesia was maintained without the application of muscle relaxants as little as possible and inhalation agents, are more potent suppressants of evoked potential than intravenous agents, intravenous anesthesia was employed. Upon general anesthesia, with simultaneous monitoring of the somatosensory evoked potentials, gentle manual reduction of the locked cervical facets was attempted, initially by a gentle manual torsion with neck flexion and rotation toward the contralateral side of the dislocation, followed by rotation toward the side of dislocation, and, finally, head extension.

In cases where good realignment by careful manual reduction was achieved, a standard Smith-Robinson anterior approach was used for spinal reconstruction. Gardner-Wells tongs were applied when realignment was not achieved by gentle manual reduction and were placed at points located 1 cm behind and 2.5 cm above the external auditory canal. The initial traction weight was 2 kg and was increased progressively. To avoid over-distraction, C-arm fluoroscopy was used to observe the reduction process.

Once the patients were re-aligned, all of them underwent anterior surgery, with anterior discectomy, interbody fusion with cage, and anterior cervical plating. If the alignment was not successful after closed maneuvers, an open posterior reduction was performed followed by the anterior approach.

All patients wore a Philadelphia collar for 12 weeks postoperatively and underwent a follow-up examination, in which they were subjected to an early postoperative cervical X-ray serial. The successful fusion criteria was defined as bridging trabecular bone and absence of a radiolucent gap between the graft and end plate or absence of more than 2 mm on flexion and extension views. All patients were followed-up for an average of 12 months (5 to 24 months).

Statistical analysis
--------------------

We reviewed the patients\' charts for data including the cause of injury and the level of neurological function determined by the American Spinal Injury Association (ASIA) impairment scale on admission and during follow-up examination.

The relevant neck pain was recorded according to the visual analogue scale (VAS) score preoperatively, postoperatively, at 3 months after surgery, and at the final follow-up. Student's t test was used for comparison between groups in the SPSS 17.0 software (SPSS Inc, Chicago, IL, USA), and a *p* value \<0.05 was considered as statistically significant.

RESULTS
=======

Twenty-three patients with single level fracture and dislocation of the cervical spine who underwent intraoperative reduction under general anesthesia and anterior spinal reconstruction were identified during a 5-year period (15 men, eight women; mean age of 57 years, from 24 to 81). In most patients, correct alignment was achieved under general anesthesia monitored by spinal cord evoked potential. Thirteen patients were completely reduced by gentle manual reduction, and eight patients were subjected to closed reduction using Gardner-Wells traction performed with a mean weight of 10 kg, ranging from 8 to 12 kg. There were no fractures and aggravated neurologic deficits caused by the gentle manual reduction or closed craniocervical traction. During the process of manual reduction, traction or anterior approach in most patients, CSEP latency amplitude showed improvement and TES-MEP demonstrated no change (21 patients). These patients underwent anterior discectomy, interbody fusion with cage, and anterior cervical plate insertion ([Fig. 1](#f1-jkns-2019-0139){ref-type="fig"}).

In two patients, when the traction weight was 8 kg and 12 kg respectively, whose CSEP dropped by 65% with ware form transforming, there was a risk of over-distraction and a satisfactory closed reduction was not possible. Therefore, they were firstly subjected to open reduction by posterior approach followed by an anterior approach with discectomy and cage insertion ([Fig. 2](#f2-jkns-2019-0139){ref-type="fig"}). In another patient, in whom good re-alignment was achieved by gentle manual reduction, screw retropulsion was observed 1 month after anterior fusion and plate insertion, and screw repositioning via the anterior approach was required. There were no surgery-related complications. Fusion was achieved in all patients as evidenced in the final follow-up except for one patient who died 5 months after surgery due to acute myocardial infarction.

Although some patients complained of remained neck discomfort and neck stiffness, a statistically significant difference between their VAS scores at the 3 months follow-up and final follow-up was recorded. None of the patients demonstrated aggravated ASIA score after the operation ([Table 1](#t1-jkns-2019-0139){ref-type="table"}).

DISCUSSION
==========

Facet fracture and dislocation of the cervical spine is a severe traumatic lesion usually accompanied by both anterior and posterior discoligamentous instability \[[@b15-jkns-2019-0139],[@b21-jkns-2019-0139]\]. The eventual goals of surgical treatment of facet fracture and dislocation include the return to functional ability, minimum neurological deficits, minimum residual deformity, and prevention of further disability \[[@b23-jkns-2019-0139]\].

Facet fracture and dislocation of the cervical spine usually result from flexion-rotation injury and can cause facet interlocking in the dislocated position by the inferior articular facet of the upper vertebra overriding the superior articular facet of the lower vertebra \[[@b19-jkns-2019-0139]\]. The dislocated facet is generally not able to return to its normal position without manipulation, open or closed reduction, and surgery \[[@b22-jkns-2019-0139]\]. Reduction *per se* is beneficial as a simple stabilization procedure and is also the best decompression method. Apparently, the quicker the adequate reduction, the more successful alignment and decompression are achieved by eliminating bony compression of the spinal cord. O\'Connor et al. \[[@b18-jkns-2019-0139]\] reported 21 patients with cervical facet injuries treated with attempted craniocervical traction. Good realignment was achieved in 11 patients, but it was not successful in cases where closed reduction was applied later than 5 days after injury.

The most common form of reduction has been the closed reduction with skull tongs immediately after injury on awake patients, with administration of muscle relaxants, reserving open reduction as an alternative in cases of failed closed reduction \[[@b20-jkns-2019-0139]\]. However, closed reduction in the awake state has several drawbacks. First of all, it fails in a substantial percentage of patients, and requires burdened traction weights. Second, closed reduction exposes the patient with trauma to supplementary immobilization and severe pain \[[@b13-jkns-2019-0139]\].

On the other hand, the studies by Kleyn \[[@b11-jkns-2019-0139]\] have popularized the method of reduction under general anesthesia, although other authors criticize this procedure as potentially dangerous compared to reduction by craniocervical traction in awaken status. Manipulation under general anesthesia has been a common technique, often applied following failure of traction-induced reduction but only occasionally used as a primary procedure for achieving reduction \[[@b11-jkns-2019-0139],[@b24-jkns-2019-0139]\]. Patients with fracture/dislocation often have associated herniated discs that cause ventral cord compression at the level of injury either as a result of the injury itself or as an iatrogenic effect of manual closed reduction despite the use of an image intensifier to minimize over-distraction \[[@b17-jkns-2019-0139]\]. Reports of neurological aggravation by disc material compressing spinal cord following closed or open reduction has led some authors to recommend the use of pre-reduction MRI to identify ventral cord compression potentially caused by traumatic disc herniation. However, prereduction MRI requires movement of a patient with a potentially unstable cervical spinal fracture/dislocation injury to the MRI room. In addition, the use of pre-reduction MRI may delay the procedure for the reduction of the spinal deformity and therefore is bound to delay decompression of the spinal cord. Moreover, although pre-reduction MRI can demonstrate traumatic disc herniation and cord compression, the clinical significance of these findings is uncertain. Only a few reports have demonstrated that neurological deterioration resulted from disc herniation following a satisfactory closed craniocervical reduction \[[@b6-jkns-2019-0139],[@b16-jkns-2019-0139]\].

For these reasons, preoperative MRI was not routinely performed in our consecutive patients. None of the patients worsened following intraoperative reduction under general anesthesia with neurological monitoring using the somatosensory evoked potentials.

Shen et al. \[[@b23-jkns-2019-0139]\] reported 12 patients that underwent immediate reduction using Gardner-Wells tongs under general anesthesia and single-stage anterior and posterior spinal reconstruction for facet fracture and dislocation. Their procedure was similar to that described in the current report, the patients were reduced under general anesthesia and complete realignment and fusion was achieved in all patients, as verified during the final follow-up. In the current study, we tried immediate gentle manual or closed reduction using Gardner-Wells tongs under general anesthesia, simultaneously monitoring the somatosensory-evoked potentials. Only two patients, in whom reduction was incomplete and there was a risk of over-distraction, required open posterior reduction without lateral mass screw followed by anterior discectomy and fusion. The anterior fixation alone led to solid fusion in all patients except one patient who died of acute myocardial infarction.

In the past, fracture dislocation of the cervical spine used to be treated by conservative techniques such as immobilization using Halo rings or cervical collar \[[@b2-jkns-2019-0139]\]. However, conservative techniques usually fail. Failure rates with conservative therapy are up to 77%; therefore, surgery is the gold standard approach for this pathology \[[@b8-jkns-2019-0139]\].

Posterior open reduction and stabilization consists of a partial or complete facetectomy, reduction and dorsal screw fixation and fusion \[[@b12-jkns-2019-0139]\]. Doran et al. \[[@b3-jkns-2019-0139]\] reported that posterior screw fixation might be biomechanically superior to a rigid anterior construct. Anatomically, direct decompression of the nerve roots is more completely accomplished through a posterior exposure, and there is a lower incidence of dysphagia. Moreover, reduction of the facets can be visually confirmed with the open posterior approach \[[@b3-jkns-2019-0139]\]. However, the posterior approach is not without substantial risks. The incidence of neurological injury in open posterior approach may be greater than that reported previously \[[@b10-jkns-2019-0139]\]. Further, it is widely known that the posterior approach has an increased risk of infection compared with anterior approaches and prone position itself has difficulties in maintaining safe vital signs during operation, especially under traumatic conditions. In addition, some authors have reported that the posterior approach alone has the additional risk of anterior collapse of the disc, which may result in kyphosis \[[@b14-jkns-2019-0139]\]. Furthermore, enough stability to achieve sufficient fusion rates may not be provided by the posterior approach alone, especially in cases that involve fractured inferior articular processes.

On the other hand, the anterior approach has some advantages including technical familiarity, short fusion construct and easy decompression of the spinal cord in cases accompanied by disc herniation. On the basis of our experience with the above described technique, we believe that the anterior approach following immediate intraoperative reduction under general anesthesia can be the first treatment option for cervical fracture and dislocation for the following reasons. First, general anesthesia with muscle relaxants is helpful to eliminate the apprehension and pain of the patient during the manual reduction or skull traction. Second, immediate reduction monitored by spinal cord evoked potentials and image intensifier can make the anterior approach safe, avoiding excessive traction-related injury of the spinal cord and iatrogenic damage of neurological function. Third, the anterior approach alone can provide not only immediate stability but also long term spinal stability, obviating the need for posterior screw fixation or external immobilization.

Despite the above-mentioned advantages of this technique, it is not without drawbacks. For patients with severe spinal cord injury involving entire 3-column structures, simultaneous anteroposterior surgery might be applicable and the anterior approach alone may be not recommended. Moreover, the strategy is not recommended for the patients with severe spinal cord injury. For cases of severe spinal cord injury, somatosensory or motor evoked potentials may not be monitored due to its substantial damage.

CONCLUSION
==========

Intraoperative reduction under general anesthesia, monitored by spinal evoked potentials and followed by anterior spinal reconstruction can be performed rapidly, easily, and safely with no time loss or discomfort for the patient compared with closed reduction by traction in the awake status. It can be an effective alternative for cervical facet fracture and dislocation without entire three column injury and severe spinal cord injury.
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![Representative images of a 45-year-old male patient. A : Simple lateral cervical radiograph demonstrates facet dislocation of C5--C6. B : Preoperative computed tomography scan shows facet interlocking at C5--C6 level. C and D : Good alignment is achieved after intraoperative manual reduction under general anesthesia. E : Postoperative lateral cervical radiograph shows good alignment after application of the anterior approach alone. F : Good alignment is still maintained after 12 months.](jkns-2019-0139f1){#f1-jkns-2019-0139}

![Representative images of a 57-year-old male patient. A : Preoperative computed tomography scan shows facet interlocking at C6--C7 level. B : Postoperative lateral cervical radiograph shows good alignment after intraoperative reduction under general anesthesia using posterior open reduction followed by the anterior discectomy and fusion. C : Postoperative computed tomography scan at 8 months after surgery reveals trabecular bone bridging and maintained good alignment.](jkns-2019-0139f2){#f2-jkns-2019-0139}

###### 

Demographic data of the enrolled patients

  Case   Age/sex   Involved level   Unilateral/bilateral   Preoperative MRI   Time from injury to surgery (hours)   Traction   ASIA scalepreop/final F/U   Remarks
  ------ --------- ---------------- ---------------------- ------------------ ------------------------------------- ---------- --------------------------- ------------------------
  1      57/M      C6/C7            Bilateral              No                 8                                     Yes        E/E                         Open reduction
  2      45/M      C5/C6            Bilateral              Yes                6                                     No         B/C                         
  3      43/F      C7/T1            Unilateral             No                 6                                     No         E/E                         
  4      48/M      C3/C4            Unilateral             Yes                4                                     Yes        C/D                         
  5      49/F      C5/C6            Unilateral             No                 5                                     No         E/E                         
  6      75/M      C6/C7            Unilateral             No                 8                                     No         D/E                         
  7      76/F      C3/C4            Bilateral              Yes                7                                     Yes        E/E                         
  8      67/M      C6/C7            Bilateral              Yes                8                                     No         A/B                         
  9      52/M      C5/C6            Unilateral             Yes                8                                     No         B/C                         Ankylosing spondylitis
  10     45/F      C5/C6            Unilateral             No                 4                                     Yes        E/E                         
  11     30/M      C6/C7            Unilateral             No                 5                                     No         E/E                         
  12     42/F      C6/C7            Bilateral              No                 6                                     No         E/E                         
  13     73/M      C6/C7            Bilateral              No                 6                                     No         E/E                         
  14     81/F      C5/C6            Bilateral              Yes                6                                     Yes        B/C                         
  15     63/M      C6/C7            Bilateral              No                 8                                     No         D/E                         
  16     57/M      C4/C5            Unilateral             No                 5                                     No         D/E                         
  17     64/M      C4/C5            Bilateral              No                 5                                     Yes        E/E                         
  18     54/M      C5/C6            Unilateral             No                 8                                     Yes        B/C                         Open reduction
  19     68/M      C5/C6            Unilateral             No                 7                                     No         C/E                         
  20     24/F      C3/C4            Bilateral              Yes                7                                     No         C/D                         
  21     75/M      C5/C6            Unilateral             Yes                6                                     No         B/C                         Screw retropulsion
  22     77/M      C5/C6            Unilateral             Yes                8                                     No         A/B                         Died of MI
  23     46/F      C4/C5            Bilateral              No                 8                                     Yes        E/E                         

MRI : magnetic resonance imaging, ASIA : American Spinal Injury Association, F/U : follow up, M : male, F : female, MI : myocardial infarction
